Background: Chronic exposure to noise is known to cause a wide range of health problems including extracellular matrix (ECM) proliferation and involvement of cardiovascular system. There are a few studies to investigate noise-induced vascular changes using noninvasive methods. In this study we used carotid artery intima-media thickness (CIMT) and aortic augmentation as indices of arterial properties and cystatin C as a serum biomarker relating to ECM metabolism. Materials and Methods: Ninety-three male participants were included in this study from aeronautic technicians: 39 with and 54 without a history of wide band noise (WBN) exposure. For better discrimination, the participants were divided into the two age groups: <40 and >40 years old. Adjusted aortic augmentation index (AI) for a heart rate equal to 75 beats per minute (AIx@HR75) were calculated using pulse wave analysis (PWA). CIMT was measured in 54 participants who accepted to undergo Doppler ultrasonography. Serum cystatin C was also measured. Results: Among younger individuals the mean CIMT was 0.85 ± 0.09 mm and 0.75 ± 0.22 mm in the in the exposed and the control groups respectively. Among older individuals CIMT had a mean of 1.04 ± 0.22 mm vs. 1.00 ± 0.25 mm for the exposed vs. the control group. However, in both age groups the difference was not significant at the 0.05 level. A comparison of AIx@HR75 between exposure group and control group both in younger age group (5.46 ± 11.22 vs. 8.56 ± 8.66) and older age group (17.55 ± 10.07 vs. 16.61 ± 5.77) revealed no significant difference. We did not find any significant correlation between CIMT and AIx@HR75 in exposed group (r = 0.314, P value = 0.145) but the correlation was significant in control group (r = 0.455, P value = 0.019). Serum cystatin C level was significantly lower in individuals with WBN exposure compared to controls (441.10 ± 104.70 ng/L vs. 616.89 ± 136.14, P value < 0.001) both in younger and older groups. Conclusion: We could not find any evidence for the association of WBN exposure with arterial properties, but cystatin C was significantly lower in the exposed group.
INTRODUCTION
Noise as characterized as unpleasant sound, can affect human health. Hearing loss is one of the most known consequences of chronic noise exposure. The audiologic profile is the presence of sensorineural hearing loss around the 4000-Hz region, but it has been shown that noise exposure can affect other physiological and psychological systems. [1] Then, hearing conservation programs are mandatory in most industrial occupations but extra-aural noise-induced problems have been ignored in most cases. [2] Various factors including exposure duration, amplitude, and frequency are important in health problems caused by noise exposure. Recently it has been found that chronic exposure to large pressure amplitude of low frequency noise (≥90 dB, ≤500 Hz which includes infrasound ≤20 Hz) causes a whole-body pathology with a wide range of presentations including mild psychological problems to malignant tumors. [3] These presentations have been identified in aeronautical technicians, aircraft and helicopter pilots, cabin crewmembers and disc-jockeys. [2, [4] [5] [6] [7] In 1980, late-onset epilepsy was diagnosed among 10% of aircraft technicians employed by the Portuguese Air Force, at an aircraft maintenance, repair, and manufacturing plant, while the expected value was 0.2%. [7] In 1987 first autopsy was performed on one of these patients who died of cardiac tamponade caused by a small infarct. Cardiac valves seemed swollen, and the pericardium surrounding the heart was greatly thickened. Coronary arteries were thickened not by the usual artherosclerotic plaques but continuous thickening of the intima lined all vessel walls. [7] The underlying mechanism of these presentations of chronic noise exposure is not completely understood but according to microscopic studies, includes abnormal proliferation of extracellular matrix (ECM) in the absence of an inflammatory process [8] [9] [10] which could be presented as cardiovascular morphological and dynamic changes such as pericardial thickening, tracheal lung, and kidney changes. In 1999, Marciniak et al. [11] performed an echocardiographic evaluation of 485 aircraft technicians which showed thickening of cardiac structures, mainly the pericardium and heart valves. Although these presentations were grouped together under a common syndrome, vibroacoustic disease (VAD) by a Portuguese research group, the existence of VAD is still debated. [12] Noise exposure causes generalized cardiovascular system disease including arteries. There are few studies evaluating vascular changes including arterial wall thickening and stiffness in persons who exposed to low frequency noise. Carotid artery intima-media thickness (CIMT) measured by Doppler ultrasonography is a marker of structural vessel wall properties and is well-known to be a strong predictor of future vascular events and a marker of atherosclerosis. [13] In 1991, Albuquerque et al. found that in severe cases of VAD, echo-Doppler imaging shows thickened carotid arteries. [14] Augmentation index (AI) of central blood pressure (BP) is used as a surrogate measure of arterial stiffness and is defined as the percentage of the central pulse pressure attributed to enhancement (augmentation) due to the reflected pulse wave. [15] AI could be measured noninvasively by pulse wave analysis (PWA). PWA uses a high-fidelity tonometer to capture electronically the shape of a peripheral arterial pulse. [16] The shape and dimensions of the central aortic pressure wave could be derived from shape of the peripheral pulse wave after calibrating with the brachial systolic and diastolic pressure. In this study, we measured CIMT and augmentation indices to assess vascular properties.
From other perspective, cystatin-C has been investigated in this study. Cystatin C is a cysteine protease inhibitor. Serum cystatin C level is affected in some diseases such as abdominal aortic aneurysm (AAA) which involve arterial wall ECM. Several previous studies demonstrated that serum cystatin C level is decreased in AAA. [17] Here we measured this biomarker to find whether it has been affected in individuals exposed to large pressure amplitude of noise.
MATERIALS AND METHODS

Study subjects and study design
The participants were selected randomly from male aeronautic technicians who were employed in a helicopter repair and maintenance plant. All of them were asked about their past history of diagnosed diabetes, renal insufficiency, coronary artery diseases, collagen-vascular diseases, and hereditary diseases of connective tissue (such as Ehlers-Danlos syndrome and Marfan syndrome) for exclusion purposes. The participants were divided into two age groups: the younger age group was defined as individuals <40 years old and the older, >40 years old. Thirty-nine aeronautic technicians, who were exposed to wide band noise (WBN), were included in this study, 14 were below 40 years old and 25 were more than 40 years old. The control group was selected randomly from technicians who had the same work environment but without exposure to large pressure amplitude of WBN (≥90 dB). Our control group consists of 27 individuals who were below 40 years and 27 individuals who were more than 40 years old. PWA, blood sampling, and physical examinations were conducted in on session. Of 93 participants, eight were excluded from PWA measurements because of using antihypertensive drugs which is known to affect arterial stiffness parameters. [18] The participants were scheduled to undergo Doppler ultrasonography for CIMT measurement, but 54 of them took part in this measurement (25 in the exposure group and 29 in the control group).
General data were collected through questionnaires. We assessed noise exposure in the working environment. Overall noise level of around 102 dB(L) was recorded in the working environment of the exposure group while individuals of control group were exposed to overall noise levels of between 60 and 70 dB(L). Spectral analysis of environmental noise in the exposure group is shown in Figure 1 .
Anthropometric measurement
Body mass index (BMI) was calculated from the measured height and weight and according to the standard formula: Figure 1 : Spectral analysis of noise in the working environment of the exposure group. Noise levels were around 90 dB or higher in the frequency bands ranging from 32 Hz to 4000 Hz weight in kilograms divided by the square of the height in meters. The heights of subjects were measured using a stadiometer in standing position and were recorded to the nearest 5 mm. The weights of subjects wearing light cloths but no shoes were measured.
Arterial stiffness
Pulse wave analysis was evaluated using the radial artery pressure waveform. We used a validated tonometer (Millar SPC-301B, Huston, USA) to obtain the peripheral (radial) artery waveform and then was processed with dedicated software (SphygmoCor, version 7.1, AtCor Medical, Sydney, Australia) which converts the peripheral waveform to a central waveform using a proprietary algorithm. Augmentation indices were measured. Adjusted AI for a heart rate equal to 75 beats per minute (AIx@HR75) was estimated based on an internal normogram in the software. [19] Doppler ultrasonography All measurements were performed by a single expert sonographer who was blind to the study groups, using Doppler sonography machine − VolusonE8. High resolution B-mode gray scale and color Doppler ultra sound with a 12 MHz transducer was used for the determination of intima-media thickness (IMT). The study was performed while keeping the patients in supine position. Longitudinal B-mode color Doppler images were obtained of the walls of the carotid artery. The IMT of common and internal carotid artery was assessed. The internal carotid artery was assessed in the 10 mm distal to the tip of the flow divider. All ultrasound scans were obtained with single ultrasound exam Voluson E-8 system by General Electric. The image boundaries were marked manually. For CIMT measurements, trailing edges were traced on the near wall boundaries and leading edges on the far wall boundaries. Measurements were calculated with different angle and mean measurements calculated.
Cystatin C and other laboratory measurements
A 10 mL venous blood sample was taken from each patient after 10 h fasting. The blood samples were allowed to form clot in clot activator vacuum tube with gel separator for about 4 h at room temperature. Then they were centrifuged at 1000 × g for 15 min. The serum was separated and stored in micro-tube at −70°C.
Serum cystatin C was measured using Abcam's Human Cystatin C in vitro Enzyme-Linked Immunosorbent Assay (ELISA) kit with detection range of 312-20,000 pg/mL, which is designed for the accurate quantitative measurement of human cystatin C. The working dilution was 1:100. Triglyceride, total cholesterol, fasting blood glucose, and creatinine were measured using Pars azmoon biochemical kits.
Statistical analysis
Data analysis was performed using Statistical Package for the Social Sciences (SPSS) version 20. Data were presented as mean ± SD. The normal distribution of variables was checked by Kolmogorov-Smirnov test. Mean values in exposure group and control group were compared using independent T test. The relationship between CIMT and aortic augmentation indices were assessed calculating bivariate correlations. For all data analysis, P-value less than 0.05 were considered significant.
RESULTS
General characteristics of the study subgroups are summarized in Table 1 .
Carotid artery intima-media thickness
In the younger age group, CIMT had a mean value of 0.85 mm (SD, 0.09) among individuals of the exposure group vs. 0.75 mm (SD, 0.22) in the control group, but the difference was not statistically significant (P value = 0.30). In the older age group mean value of CIMT was 1.04 mm (SD, 0.22) among members of the exposure group vs. 1.00 mm (SD, 0.25) among the control group and there was no significant difference (P value = 0.61) comparing these groups.
Arterial stiffness
The indices of arterial stiffness were universally greater in the older group compared to the younger group, both in the exposed and the control group. However, among individuals below 40 years old, the mean value of AI1 (AP/PP) was lower in the exposure group in comparison with the control group (1.53 ± 9 vs. 7.59 ± 8.62) and the difference was significant (P value = 0.047). The same results were found comparing AI2 (P1/P2), mean value was significantly (P value = 0.037) higher in the control group (102.07 ± 9.90 vs. 109.18 ± 9.56 in the exposure group). In the older age group, difference between mean values of AI1 in the exposure group (16.27 ± 9.11) and the control group (14.50 ± 8.68) was not significant (P value = 0.51). The difference was not significant (P value = 0.50) comparing mean values of AI2 in the exposure group (120.81 ± 12.73) and the control group (118.22 ± 12.61). In the younger age group AIx@HR75 mean value was 5.46 ± 11.22 in the exposure group and 8.56 ± 8.66 in the control group, the difference was not significant (P value = 0.343). Among older individuals, difference between mean value of AIx@HR75 in the exposure group (17.55 ± 10.07) and the control group (16.61 ± 5.77) was not significant (P value = 0.706).
Correlation between intima-media thickness and arterial stiffness
There was no significant correlation between CIMT and neither of AI1 (r = 0.266, P value = 0.220) nor AI2 (r = 0.252, P value = 0.245) in exposure group. In control group mean CIMT shows moderate correlation with both AI1 (r = 0.431, P value = 0.032) and AI (r = 0.454, P value = 0.023). Correlation between CIMT and AIx@HR75 was not significant in the exposure group (r = 0.314, P value = 0.145) but it was significant in the control group (r = 0.455, P value = 0.019).
Cystatin C
Serum cystatin C level was significantly lower in the exposure group in comparison with the control group (441.10 ± 104.70 ng/L vs. 616.89 ± 136.14 ng/L, P value < 0.001). The same results were found when comparison was made in two age groups separately. In the younger age groups, serum cystatin C mean value was 463.81 ng/L (SD, 84.72) in the exposure group vs. 638.89 (SD, 155.70) in the control group and the difference was significant (P value = 0.001). In older age group, serum cystatin C had a mean value of 428.71 ng/L (SD, 114.06) among members of the exposure group vs. 594.90 ng/L (SD, 112.51) in the control group and the difference was statistically significant (P value < 0.001). Results are shown in Figure 2 .
DISCUSSION
There are a few studies to evaluate usability of Doppler ultrasonography as a diagnostic tool for noise-induced cardiovascular diseases. Doppler ultrasonographic findings have been described in severe cases. [14] In this study although the mean value of CIMT in the exposure group was more than the control group, the difference was not statistically significant. The difference was more considerable in younger age group. A potential limitation of our study might be small number of individuals among younger age group who accepted to undergo Doppler ultrasonography measurements (seven individuals in exposure group an five in control group). In older individuals CIMT differences might be masked by age-related confounding factors. These results suggest that measuring CIMT using Doppler ultrasonography cannot be used as a diagnostic tool for early diagnosis of cardiovascular changes in individual exposed to WBN, but more studies using larger sample size are needed to confirm it.
According to our review of literature, there is no study yet to investigate arterial stiffness in individuals exposed to noise. According to our findings, aortic augmentation indices not adjusted for heart rate (AP/PP, P1/P2) were higher in control group in comparison with exposure group among individuals below 40 years old, but there was no significant difference between the exposure group and the control group among individuals older than 40 years old. After adjustment for heart rate, there was no significant difference in both age groups.
To better understand the pattern of vascular changes among individuals exposed to WBN, we studied the relation between CIMT and arterial stiffness.
There are several previous studies which have found significant correlation between IMT and aortic AI. [20] [21] [22] Our study confirmed their findings in the control group which have not been exposed to WBN. We have found significant positive correlations between CIMT and aortic augmentation indices (AP/PP, P1/P2, and AIx@HR75) in this group. However, there was no significant correlation between CIMT and aortic augmentation indices in exposure group which suggests another pattern of vascular changes in individuals exposed to WBN.
Cystatin C is known as one of the most abundant and potent extracellular inhibitors of cysteine proteases which prevents breakdown of proteins outside the cell by a specific type of protein degrading enzymes. [17] Some studies have found that increased levels of cystatin C are associated with cardiovascular disease prevalence in individuals without renal impairment. [23, 24] Some other studies have demonstrated that cystatin C predicts mortality risk in subjects with established heart failure. [17] On the other hand, there are several studies that have investigated cystatin C in pathogenesis of atherosclerosis or some other diseases which involve ECM remodeling in vascular system (such as AAA). Decreased levels of cystatin C are found in atherosclerotic and aneurysmal aortic lesions. [25] [26] [27] Some other studies demonstrated that serum cystatin C level is negatively correlated with AAA size and progression. [28] [29] [30] As mentioned before, ECM remodeling is one of the most known pathophysiological mechanisms of chronic noise exposure cardiovascular effects, so we were curious to find out whether serum cystatin C level is affected in individuals exposed to WBN. According to our findings, serum cystatin C is significantly decreased in individuals exposed to WBN both in younger and older age groups. Further studies are needed to investigate the mechanism of noise-induced ECM proliferation and proteins involved.
Cystatin C is known as a sensitive marker of renal function which can identify a preclinical stage of kidney disease and previous studies have shown that in comparison with creatinine, cystatin C is less influenced by age, gender, race, muscle mass, drug administration, physical activity, and diet. [17] Our findings in this study suggest that WBN exposure might be a factor which influences serum cystatin C level.
CONCLUSION
Although we did not find any significant difference between WBN-exposed individuals and members of control groups in terms of CIMT and AIx@HR75, we found that, in contrast with our control group and normal population, there is no correlation between CIMT and AIx@HR75 in exposure group. In other words, no increase in CIMT was accompanied with any increase in arterial stiffness, which suggests another mechanism for WBN induced arterial thickening. We found that serum cystatin C level, a serum marker which is known to be influenced by ECM metabolism, is significantly decreased in WBN-exposed individuals. Further studies are needed to reveal the mechanism in which cystatin C is affected. The mechanism could be used as a target to treat or prevent health problems caused by chronic noise exposure.
